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CHAPTER I - INTRODUCTION AND BACKGROUND OF THE PROBLEM 
Among the conditions known to influence the acquisition a n d reten-
tion of responses is the amount of muscular effort expended during 
training. In the literatu re of psychology there are many empirical 
studies as well as speculative accounts which support the view that 
there is an optimal amount of experim entally induc e d muscular effort 
which facilitat e s the learning of verbal and motor tasks. From these 
demonstrations it seems reasonable to anticipate that this relationship 
also obtains for the learning of perceptual skills. Accordingly the 
present investigation was directed to an analysis of how experimentally 
induced muscular activity during the training procedure affects the 
recognition of visual forms. 
A. The General Pedagogical Conception of the Role of "Attention" 
Recognition of the dynamic function of muscular tonus*in behavior 
has long been represented in the view that learning can be facilitated by 
arousal of an hypothetical condition of "attention" which is revealed by 
peripherally detectable muscular activity. (M-llnsterberg, '38) 
*The terms muscle tension, muscle tonus, muscle effort, muscle 
activity, muscle participation and muscle movement have been used 
synonomously by the experimentalist, the physiologist and the educator 
to refer to their assumed common result, i.e. increased proprioceptive 
stimulation. These terms are used interchangeably in Chapters I and II 
to cap ture the flavor of the particular investigation under discussion. 
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D e te rmina tion of suitable m e thods fo r the aro usal of this facilitating 
t e nsion con dition i n t e mpor al con jun ction with the p r e sen tation of l e arn-
i n g t a sks is re garde d as a crucia l ped a gogic p robl em. In g eneral, two 
m e thods for the creation of optimal t ension durin g training have b e en 
delineate d by educators . One approach aims at arousing " psychical " 
t ensions largely through the application of incen tive s; the othe r approach, 
with which this study is conc e rned, aims at alte rin g the lea rner's t e nsion 
l e vel by r e quiring him to p e rform c e rtain muscular r e sponses during 
the acquisition procedure . The l a tt e r approach is exemplifie d by the 
n otion that a straight-backe d cha ir is mor e conducive to efficient l e arn-
ing than a reclin ing chair, while Congo schoolmasters ar e r e pute d to 
r e quir e their p e rpe tually r e laxed a nd drowsy studen ts to stand on one 
l e g while learning their l e ssons. In both cas e s the underlying assumption 
is the sam e : muscular effort facilitates learning. 
Howeve r, there also e x ists the n otion that a n ove rly active student 
is n ot " paying atte ntion " to his lesson. The a ssumption is that mus-
cular e ffort inhi bits learn i n g. Obviously these claims are of a con-
flictin g n atur e at first glanc e . 
B . The Us e of Muscular Effort in Formal Perceptual Training 
In line with the central concern of this study, it is of interest to 
note that e l e m e ntary school e ducators i n the ar e a of form a l p erce ptua l 
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training have enlarged the restricted concept ofmuscular tonus as a 
learning facilitator to include the broader notion that different patterns 
of muscular activity may act as facilitators. That the recognition of 
form may be dependent on mu.scular activity during learning has been 
explicitly hypothesized. This possibility has been emphasized especially 
in relation to the process of learning to read and write. Freeman {22) 
points out the value of muscular effort to children in the study of form ... 
' 'In his early reading, the child may g.et a preliminary and rough 
idea of letters from looking at them. Even here he uses eye movement, 
but movement is not so precise or detailed as ·when he is required to 
make a more minute examination for the purpose of writing. The act 
of guiding the pencil so as to produce the forms of the letters gives the 
child a much more minute and detailed recognition of them than he has 
previously had.'' (page 166) 
That movement is also effective in developing adult recognition 
efficiency for forms is claimed by Downing (I q) who stated that ex-
perimental results indicate that ... 11 ••• mere inspection of the model 
without making a drawing from it does not give as good results in 
fixing structures in the mind as does copying the teacher's diagram. 11 
(page 142) 
Edwards (21 ), in discussing methods of observation, claims that 
"drawings are often of great assistance helping one to see what might 
otherwise be overlooked. 11 (page 167) While Gibson (27), in a study of 
3 
the remembered shapes of aircraft as revealed by drawings, found 
such a high correlation between ability to draw aircraft correctly from 
memory and the ability to identify them overtly that he recommended 
practice in drawing from memory as a supplement to traditional per-
ceptual training procedures in aircraft recognition. 
These views on the facilitating effect of muscular e ffort on per-
ceptual training must be accepted with certain reservations. In the 
first instance it is conceivable that the facilitating effect attributed to 
muscular activity may be explained more simply by the fact that more 
time is spent inspecting the form if drawing or writing is required than 
if the student merely observes the form. Since no study of the effect 
of muscular effort on perceptual l e arning has controlled the time 
variable- -it is possible that the .facilitating effect attributed to activity 
per se, such as drawing or writing, may be either the result of the 
amount of viewing time, or of a generalized rise in tension level. 
Before any systematic approach to this study can be attempted 
an examination of the findings and methodology employed by previous 
experimentalis.ts who have investigated the effects of muscular effort 
on performance measures is in order. 
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CHAPTER II- EXPERIMENTAL ANALYSES OF THE RELATIONSHIP 
OF EFFORT TO PERFORMANCE 
A systematic relationship betwe en muscular effort and perform-
ance efficiency; was first indicated in connection with simple sensory 
discriminations. Breese ( 7) discovered that contraction of the arm 
and leg of either side of the body and maintenance of this contraction 
during resting lengthe ned the periods of visibility of the fields in 
retinal rivalry. That muscular tension affects sensory discrimination 
was also indicated by Miller 1 s findings (3G) that muscular relaxation 
reduced the inten sity of the subjective experience of electric shock. 
Together these results suggest that muscular activity may facilitate 
sensory dis crimination. 
The first investigation specifically designed to investigate the i n -
fluence of experimentally induced muscular activity on behavior was 
that of Bills ( 3 ). He found that performance on four kinds of tasks 
{learning nons e nse syllables, learning paired associates, adding 
columns of digits, and oral reading of l e tters) was significantly im-
proved if the subjects grippe d the handles of the dynamometers during 
performance . In all but the second of Bills 1 experiments, scores were 
compute d in terms of tim e requir e d for completing a given unit of work. 
The advantag.e of tension i n terms of time under these conditions sug-
gests that the required muscular activity was unpl easan t thus causing 
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the subjects to complete the task quickly. In the second of Bills' early 
experiments, however, the learning time was controlled by giving only 
one practice trial. Thus this part of his studies may be taken as a 
demonstration of the direct effect of muscular activity on learning. 
Following Bills' pioneer experimentation many investigators using 
a variety of effort inducing techniques and a variety of tasks attempted 
to test his general conclusion that experimentally induced tension facil-
itates performance. The diversified results of these experiments 
served to focus experimental attention towards determination of the 
conditions which apparently modify the influence of muscular effort on 
performance. Accordingly, the major investigations in this area con-
centrate on the following variables: 1. Amount of induced muscular 
activity; 2. Locus of induced muscular activity; 3. The nature of the 
performance; 4. The effect of practice; 5. Volitional and motivational 
factors; 6. Individual differences. 
A. The Influence of Experim e ntally Induced Muscular Activity on 
Behavior 
Freeman and Block corrobo.rated Jacobson's {30) early report 
that in a condition of extreme muscular relaxation mental activity oc-
curs on only a low level, if at all. They produced evidence suggesting 
that there is a functional relationship betwe:en the amount of muscular 
activity and the level of performance in which effort below or above 
optimum for a given performance ls detrimental as compared with 
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the effect of optimal tension. Specifically, Freeman (23) (25) showed 
that performance on a manual pursuit task is less accurate under con-
ditions of induced muscular activity than under normal conditions. 
However, the same amounts of activity caused no appreciable reduction 
in the spee d of simple finger oscillation; in fact, the number of finger 
oscillations increased when the induced activity was localized in 
muscles near the reacting group. 
Block ( 5 ). using a total of 15 subjects, investigated the influence 
of experimentally induced muscular activity on performance in con-
tinuous addition, an analogies test, and a syllogistic reasoning test. 
Muscular activity was in the form of pressure on two handle bars and 
two foot pedal s attached to aprings. The subjects exerted pressure on 
all four devices simultaneously. A very slight statistically unreliable 
difference was found i n favor of activity. In anoth e r part of her stu dy, 
she used five degrees of pressure in an attempt to determine the optimal 
pressure for continuous addition. No optimum was found for the group 
although there was a slight tendency for the best performance to occur 
under conditions of muscular pressure of twenty-two pounds per hand. 
The fact that optimal pressure differed for each subject suggested that 
individual differences in strength or in susceptibility to fatigue may 
have accounted for the unreliable improvement with activity. Although 
Block based her use of the same amoun t of pressure for each subject 
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on the small variation of their maximum dynamometer scores, it is 
possible that the maintenance of such pressure over a longer period 
of time than that used in the test entailed more effort for some subjects 
than for others. On the basis of this criticism and the differences in 
Bills' and Block's experimental procedures, Block's results cannot be 
considered a disproof of Bills' conclusions. 
Zartman and Cason (43), in studying the effect of muscular activity 
on arithmetical reasoning problems, also obtained results opposed to 
those reported by Bills ( 3 ). Their data failed to show any significant 
influence from exerting pressures of twenty-five to forty pounds with 
the right foot. Bills attributed the difference between his results and 
those of Zartman and Cason's to either the nature of the instructions in 
the control condition or to the short interval between presentation of the 
control and experimental conditions which may have allow e d carry-over 
of muscular set from experimental to control condition. 
In another study, Cason (II) indicate d several limitations to the 
generality of Bills' findings. He reported that an attempt to determine 
the influence of muscular activity and relaxation on the rating of af-
fective visual stimuli showed neither condition had any general or 
regular influence on the average affective values assigned to the pictures. 
The fifty subjects first rated one hundred and forty five pictures under 
normal relaxation and later rated the same pictures on the 7-point scale 
• 
while exerting fifty pounds pressure with the right leg. 
While the above findings, which were in essential disagreement 
with Bills 1 original conclusion were being as sembled, Bills 1 and his 
students provided further proof of the correctness of his generalization. 
Bills and Stauffacher ( 4) reported that pulling on the handles of a 
pullty supporting 10 pounds with each hand improved the time scores 
for solving mental arithmetic problems but not the error scores. Here, 
again, the conclusion that activity improved performance is open to the 
criticism that the pressure may merely have served as an incentive to 
complete a disagreeable task quickly. Using this same experimental 
procedure, Bills and Stauffacher also studied the influence of muscular 
activity on the solution.· of detectograms. With this type of material, 
no gain with pressure was found. This result may be due to the fact 
that amounts of tension which produced improvement for mental arith-
metic problems were inappropriate for this detectogram task. 
B. Systematic Variations of Muscular Effort 
The work of Freeman (2.3) and Block ( 5) suggested a functional 
relationship between amount of induced muscular activity and level of 
performance in which amounts above or belo-w optimum inhibit per-
formance. 
Stauffacher (42.) attacked this problem of the functional relationship 
between amount of activity and level of performance in an experiment 
in which he compared the performarice in memorizing nonsense syllables 
under conditions of no induced muscular activity with performance under 
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conditions of the muscular activity involved in supporting weights equal 
to 1/4, 1/2, and 3/4 of the subjects' pressure at the end of 60" maximum 
effort. The forty subjects supported weights by pulling on two handles 
attached to ropes which ran over pulleys. Each subject memorized one 
list of fifteen nonsense syllables for six trials using the anticipation 
method, under each pressure condition. Pressure equal to 1/2 the 
maximum effort produced an average score which was significantly 
higher than those obtained under other conditions. The 1/4 and 3/4 
maximum pressure resulted in slightly higher scores than those obtained 
with no pressure. From this data Stauffacher presented the hypothetical 
curve shown inEigure 1. Stauffacher extrapolated from his data and· 
that of Freeman (25) and Jacobson (31) to indicate the expected level of 
performance under extreme degrees of pressure. 
Although Stauffacher failed to show decrement with the activity 
levels he used, Courts ( 15) worked out this relationship in greater 
detail using pressures of 0, 1/8, 1/4, 3/8, 1/2, 3/4 of maximum pres-
sure. Using the same type of experimental procedure and task, Courts 
obtained the relationship shown in figure 2. The decrement predicted 
by Stauffacher at extreme degrees of pressure was substantiated. The 
fact that 3/4 pressure produced decrement in the Courts study and 
facilitation in Stauffacher's study can be attributed to the fact that 
Courts recorded maximum pressure at the end of 30 seconds as opposed 
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to Stauffacher 1 s 60 second recording. Thus Courts 1 3/4 pressure was 
much greater than Stauffacher 1 s. 
In another investigation Courts ( 17) found that during the early 
stages of motor learning practice on the Koerth pursuit rotor, the re-
lationship between amount of required muscular activity on the dyna-
mometer and level of performance is essentially the same as betwe·en 
muscular activity and learning nonsense syllables. Thus, in terms of 
present knowledge, the inverted U -shaped curve appears to be typical 
of the relationship between learning and degree of muscular activity. 
In performance involving little or no learning, the relationship of 
efficiency to degree of activity is not as well defined. Although Free-
man (2.4) (2.5) found the U-shaped curve to hold for finger oscillation, 
he also found that increments in muscular effort disturbed mental 
arithmetic. Courts ( 16) was unable to establish a modification of 
latency and amplitude of the eyelid reflex to a puff of air as a result 
of various degrees of effort exerted on a hand dynamometer. 
C. Locus of Induced Activity 
In his early studies Freeman (2.3) ( 2.4) showed that different effort 
loads may affect optimal facilitation of a given performance when 
acting within different muscle groups. He concluded that optimal 
facilitation is obtained when the tension is in the muscle groups most 
closely related neurologically to the reacting member. Davis ( l8) 
found a characteristic muscular activity accompanying the learning of 
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nons e ns e syllables which differ e d in spatial pattern and intensity from 
that accompanying multiplication tasks. 
D. Nature of the Performanc e 
Performance s which have shown facilitation under tension are 
verbal l e arning ( 3) ( 15) ( 42) motor learning ( 17) reaction finger oscil-
lation (23) ( 26), adding columns of digits ( 3 ), letter-naming ( 3 ), 
tapping ( 6 ), maz e learning ( 8 ), vibratory threshold (12), startle 
r e sponse (2'l), thr e shold for e lectric shock (23),. and knee jerk ( 14 ). 
Detrimental .effects have been found in the cas e of mirror star tracing 
(25), m e ntal arithm e tic (25), tossing tennis balls at a target (40), and 
postural steadiness ( 41 ). Other investigations have report e d an absence 
of effect in continuous addition, syllogistic reasonin g and selection of 
analogies ( 5 ), affective judgments (to), and the eyelid reflex (16). 
Freeman (25) has suggested that the apparent inconsistency of the 
influence of experimentally induced effort may be explained in t e rms of 
the complexity of the task, simple tasks b e ing facilitat e d more than 
complex ones. Although available experim e ntal findings have not 
e stablished a relationship of this kind, they do not disprove the alleged 
relationship, since the available data have been obtained under widely 
different ten sion-producing con ditions. 
A nother relationship proposed by Bills and Stauffacher ( 4 ) to 
clarify the above inconsistencies is that of the effect of muscular effort 
as a function of the difficulty of task. They suggest that effort facilitates 
easy performances more readily than difficult ones. However, the 
data necessary to prove or disprove the influence of effort of task 
difficulty have not yet been presented. 
E. Practice Effects 
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1. Practice in working under various degrees of induced muscular 
effort 
In Bills' (3) original investigation increased efficiency of 
performance with induced effort was enhanced with practice and 
fatigue where speed of performance was the criterion. However, 
where the length of trials was determined by a specified time 
limit rather than a work limit, practice had no effect on the 
amount of facilitation resulting from muscular effort. In view 
of the fact that facilitation of muscular effort with practice oc-
curred only in those experiments where a work limit was used, 
Bills 1 results may be attributed to some characteristic of the 
work-limit situation. Thus, practice may have resulted in a 
shift in motivation without influencing the effect of muscular 
activity in itself. 
2. Practice in the performance to be executed in conjunction with 
induced muscular effort 
Another aspect of the problem of practice effects is suggested 
by Stauffacher's study (42) in which poor learners who had no pre-
vious practice in learning nonsense syllables by the anticipa-
tion method showed greater benefit in this performance as a 
result of e ffort than did practiced poor performers. This was 
not stated as a conclusive rE;sult, and subsequent res earch has 
not b e en dir e cted towards its corroboration or disproof. 
3. Practic e in e xecuting a given performance with induced 
muscular e ffort 
An othe r aspect of the r e lation of muscular e ffort to practice 
is that of determining the relative levels of performance at suc-
cessive sta g e s of learning when activity has been experimentally 
induced throughout l e arning. In a study of pursuit l e arning in 
conjunction with dynamometer pressure, Courts ( 17) has shown 
that the optimal pressure b e comes smaller and the detrimental 
e ffects of above-optimal pre ssure become more severe and occur 
earlier in the pressure series as learning progress e s. Courts 
has proposed, however, that thes e changes may represent 
cumulative work decrement rather than a persisting modification 
of the e ffect of pres sure. 
F. Motivational Factors 
As described more fully above, Bills 1 data ( 3) shows that the 
amount of facilitation at the b e ginning of the exp eriment, when scores 
were in terms of tim e , --a situation presumably favoring the operation 
of extraneous motivational factors --was essentially the same as that 
produced by induced effort when a work limit was used. It was only 
afte r the subje ct had opportun ity to learn that fast e r work would win 
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earlier release from the experiment that induced effort in the work-
limit situation became more facilitative. This would indicate that 
induced effort per se exerts a facilitative effect apart from the voli-
tional and .motivational factors which might operate in a given experi-
mental situation. 
G. Individual Differences inSusceptibility to the Effects of Induced 
Muscular Effort 
The majority of investigations dealing with the influence of experi-
mentally induced muscular effort have pointed out the wide individual 
differences in the kind and amount of effe ct resulting from induced 
effort. It has bee n observed that most subjects show facilitation of 
performance under an optimal degree of tension ( 4) ( 5) (42). A few 
subjects, however, show disruption accompanying any experimentally 
increased effort. Bills and Stauffacher ( 4) have asserted, without 
presenting experimental evidence that poor performers are more apt 
to benefit from experimentally induced effort than are good ones, the 
latter being aJversely affected. In attempting to test Bills 1 and Stauf-
facher 1 s statement, Courts ( 13) ( IS) found that, although those subjects 
who were able to learn nonsense syllables most efficiently benefited 
17 
less from induced effort than did those subjects who were poor learners, 
the differences were very slight and statistically insignificant. 
To explain the alleged differential effect of induced activity for 
good and poor performers in terms of the level of muscular tension 
ordinarily pr e sent during work, Stauffacher ( 42) propos e d the hypothe sis 
that, since poor p e rformers habitually maintain a level of muscular 
t e nsion below the optimum, any additional experimentally induc e d 
effort brings the total tension nearer the optimum. Similarly, since 
good performers are already at or near the optimal l evel, additional 
muscular effort makes for a total tension which is less facilitative 
than the level which they normally maintain during work. Courts ( 13) 
( 15) in an attempted test of this hypothesis, has shown that comparisons 
of subj e cts who revealed only slight increase in muscular tension durin g 
nonsense-syllable learning (measured in terms of amplitude of knee-
jerk) with those who exhibited great increases has failed to establish 
any appreciable diffe rences in the influence of activity experimentally 
induced by squee zing a hand dynamometer. 
0 ther conditions whose importance has been indicated, but not 
systematically explored, are: length of practice period; task difficulty; 
the measure of learning used; the tension conditions at time of testing; 
and the nature of the task. It is with the latter condition that the present 
study is concerned. That is, although information is availabl e on how 
the degree of muscular effort affects the acquisition and the retention 
of verbal and motor tasks, there is no systematic evidence pertaining 
to its effect on perception-type tasks. 
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H. Theories Concerning the Effects of Induced Muscular Effort 
on Performance 
A brief review of theories of the effects of induced muscular effort 
is presented for the purpose of completing an historical account rather 
than for subsequent critical analysis and testing. It will be seen that 
none of these theories has been developed in a systematic fashion. 
They have usually been offered as post hoc proposals for integrating 
the few facts that are available and thus tend to be accounts for specific 
functional r e lationships rather than overall inte grated theoretical 
syste ms. 
1. Robinson 
Robinson {3q) suggested three possible explanations for Bills' 
original finding that dynamometer pressure influences performance. 
These were: (1} Dynamometer pressure may bring about constancy of 
proprioceptive stimulation, which, then, acts as a stabilizer in holding 
constant extraneous stimuli; (2) Increased proprioceptive stimulation 
may bring about a generalized readiness to react in all muscle groups; 
(3) Increased proprioceptive stimulation rais.es the level of cortical 
excitement thus increasing the speed and accuracy of operation of its 
response patterns. Only the implication of the second hypothesis, 
that excitation spreads to other musculature than those involved in 
grasping the dynamometer, has been substantiated (Freeman, 2.3 }, 
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but how this generalized excitation operates to facilitate or inhibit 
p e rformance has not been suggested. 
2. Freeman 
Freeman (2.3) has proposed that affe rent stimulation to the cortex, 
which is set up and maintained largely by muscular activity, low e rs 
the threshold of irritability of cortical centers. Further, he postulated 
that thresholds for various levels of performance differed. This view 
also r e quir e s the assumption that muscular activity above the optimum 
for a particular performanc e becomes an inhibitor of neural integration. 
The mechanism of inhibition has not be e n specified . . 
3. Courts 
Courts ( 14 ), attempting to e xplain that the level of performance 
decreas e s with activity above the optimum, s.uggests that the amount 
of psychological activity increases with any increase in induced mus-
cular activity, but that beyond an optimal activity level, the increased 
psychological activity interferes with that aspect of the performance 
the experimenter is measuring. 
4. Meyer 
Meyer (35) proposed a theory of effer e nt neural interaction to 
explain the effe ct of induced muscular activity. This theory, an 
obvious extension of concepts introduced by Sherrington in his treat-
ment of spatial summation, states that induced muscular activity 
facilitates performance by making the motor system available to an 
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input, and not by operating on the input. This theory can account, in a 
loose manner, for changes in the magnitude or latency of a muscular 
response, and, according to Meyer, there are no other kinds of indue- . 
tive facilitation. Induced muscular activity can have no direct effect 
upon response selection since it Affects rate of acquisition by promoting 
response elicitation rather than altering correlative mechanisms. 
Borrowing from Hullian terminology, Meyer suggests that the facili-
tative influence of activity noted by Bills, Stauffacher and Courts is 
one of Reaction Potential rather than Habit Strength. Interference with 
performance is seen as the result of facilitation of competing responses. 
Thereby changes in the effects of induced muscular activity from facili-
tation to interference would be related to changes in the probability that 
increments in excitation make available more appropriate than inap-
propriate motor neurons. 
5. Hull: The Inhibiting Effects of Muscular Effort 
The previously discussed viewpoints on the effects of _experimentally 
induced muscular effort pose certain implications which are contra-
dictory to a recent notion in the learning literature, namely that the 
effect of muscular effort during acquisition is to reduce measures of 
performance rather than to facilitate them. The most articulate pre-
sentation of this notion has been the inhibition theory of Hull (2.8). 
The effect of effort (work) is regarded by Hull as initiating a 
primary drive arising from a state of organic need for rest. He calls 
this Reactive Inhibition which is a function of: 
l) Time between muscular reactions in a sequence, 
2) The number of muscular reactions in sequence, and 
3) The work involved in making each reaction. 
It follows that reactions requiring more effort will produce greater 
increments in Reactive Inhibition and, other things being equal, '.the 
Excitatory Potential of the i!espons e will be less. 
This theory is formally stated as follows: " The effective reaction 
potential sER equals the reaction potential sER minus summation of 
both innate, fatigue-produced inhibition :IR :· and conditioned inhibition 
I II S R" (page 284). 
It should be noted that this Hullian view of the effects of muscular 
effort has been developed and primarily related only to muscular 
effort arising from the to-be-learned response. lt has never been 
related to the studies of the effects of experimentally induced non-
relevant effort on learning, although, as noted in section 5c, Courts 
used the notion of work decrement in explaining results of pursuit 
learning in conjunction with dynamometer pressure. Thes~ induced 
effort studies would, at first glance, be classified as examples of the 
operation of irrelevant drive according to present Hullian orientation. 
Nevertheless, the fact remains that Hull's theory would regard effort 
as inhibitory in contrast to the notions where effort is regarded as 
facilitating. 
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CHAPTER III -STATEMENT OF THE PROBLEM 
The concern of the present investigation was an e xamina tion of the 
r o le of muscular e ffort in the process of visual form acquisition and 
retention. The expectation that this factor would prove to be a signi-
ficant determinant of recognition efficiency was based on the following 
sources: {1) the educational viewpoint that "attention 11 deriving both 
from g eneralized muscular tonus and from patterns of task-related 
muscular activity facilitates form discrimination; {2) according to 
earlie r studie s ther e are optimal points of muscular effort expenditure 
for various types of tasks; {3) the recent speculations that the effe ct of 
e ffort is invariably inhibition. 
Accordingly, the role of effort in the acquisition and r e tentio n of 
visual form was studied i n terms of an experimental design which in-
volved { 1) various degrees of induced task-irrelevant effort and 
{2) several traditional techniques of form discrimination training in 
which muscular effort appears to be, at a common sense level, task-
related in that it involve s manual motor activity directly conc e rned 
with the r eproduction of the visual pattern. 
As the previous chapter indicated, no . complete theoretical struc-
ture has as yet been developed to i n tegrate the contradictory assump-
tions and experimental results which exist in this area. Howev e r, this 
study is not intended to produce a test of opposing theories particularly 
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since ( 1) none of the Non-Hullian theories have been demonstrated, 
and (2) since perception-type tasks have not been studied in the Hullian 
framework. Thus this study is offered primarily as an empirical 
exploration of the little-known area of visual form training. 
2.4 
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CHAPTER IV- EXPERIMENTAL PROCEDURE 
A. Subjects 
The 51 subjects, ranging in age from approximately 20-40 years, 
used in this study were selected from (1) the ~taff of the Boston Univer-
sity Physical Research Laboratories and (2) the Boston University 
student body. The first category of subjects was drawn from both 
research and development divisions of the laboratory. The second 
group were all Air Force officers with different professional and aca-
demic specializations. 
In the first exploratory study 37 male subjects participated. Four-
teen subjects, 8 female and 6 male, cooperated in the second study. 
In the main experiment 28 of the first study's participants were used. 
This latter group was self-selected on the basis of interest and avail-
ability. All subjects for the first preliminary experiment and the main 
experiment were right-handed. 
B. Apparatus 
1. Apparatus for the Induction of Muscular Effort 
---- ------
a. Smedley Hand Dynamometer 
The graded series of muscular effort conditions was induced 
by means of the Smedley hand dynamometer shown in figure 3. 
This instrument was modified by the addition of two electro-
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FIGURE 3 
THE DYNA MOMETER 
mechanical connections on the pressure dial. One connected 
with the tachistoscope interval timer and the other with a signal 
buzzer. This addition consisted of three parts: (1) an adjustable 
contact unit; (2) a slide ring on which part (1) moved and against 
which it was secured with a set screw; and {3) a metal contact 
strip attached to the pressure indicator. Brass contacts on 
each side of part (1) were connected with the signal buzzer while 
the center contact was connected with the illumination interval 
timer. Thus as the pressure indicator travelled over either of 
the edge brass contacts, each of which represented 5 kilograms 
pressure on the dial, the buzzer was activated. When the indi-
cator passed over the center strip of the unit, the width of one 
kilogram on the dial, the stimulus light was turned on for the 
required interval. This design allowed a range of three kilo-
grams about any setting without activation of the signal buzzer. 
Figure 4 presents the wiring for this system. Figure 7 shows 
the indicator at the set pressure point. The dynamometer 
handles which were adjustable for individual differences in hand 
size, were wrapped with cloth masking tape in order to reduce 
the tendency for the hand to slip on the smooth metal surface. 
Provision for positioning the dynamometer to accomodate 
individual differences in forearm length was made by fastening 
the dynamometer mount on a sliding platform which could be 
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moved four inches along the table edge and clamped to the 
table edge with two thumb screws. This platform is shown at 
C in figure 5. 
b. Drawin g Materials 
Muscular activity in the form of target drawing required 
the use of a black crayon and 4'' X 5'' white cards. The cards 
were set in a frame beside the tachistoscope aperture. This 
arrangement is shown in figure 8. 
c. Tracing Materials 
For the tracing activity clear plexiglass 4" squar e s were 
inserted over the tachistoscope aperture into a frame as shown 
in figure 9. The same grease crayons required for drawing 
were used for tracing. 
2. Apparatus for Stimulus Pres entation 
a. Tachistoscope 
The electronically-timed tachistoscope shown in figure 5 
was used for presentation of the targets. This instrument 
incorporated two timers one of which was capable of providing 
intervals cumulative from one thousandth of a second to nine 
seconds (E in Figure 5), the other controlled intervals cumulative 
from one second to sixty seconds (D in figure 5). Figure 6 
shows the electrical design of the tachistoscope controls and 
short interval timer; Figure 4, the long interval timer. 
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A. T A CHISTOSCOPE; B. DYNAMOMETER; C. ADJUSTABLE PLA TFORM; D. LONG INTERVAL 
TIMER; E. TACHISTOSCOPE CONTROLS; F. HEADREST; G. SUBJECT'S STA TION; 
H. ELBOW REST; I. E XPERIMENTER'S STATION; J. APERTURE FRAME (NOT SHOWN); 
K. SHUTTER; L. APERTURE FOR INSERTION OF T ARGETS; M. MICROSWITCH. 
FIGURE 5 ASSEMBLED APPARATUS 
VJ 
0 
FIGURE 6 
TACHISTOSCOPE CONTROL CIRCUIT 
2~ 
115V 
A. C. 
The long interval timer was activated either with a small 
microswitch ope rated by the experimenter, or with the above-
described dynamometer switch operated by the subject. (See 
figure 7). Targe t illumination was provided by two four-watt 
daylight fluorescent bulbs set six inches in front of the stimulus 
plane. The distance from viewing aperture to stimulus plane 
was 21 1/2". Figure 5 shows the position of the stimulus plane 
aperture at "L" into which the targets were inserted. 
b. Head Rest and Shutter 
To maintain the subject at a constant distance from the 
stimulus during all experimental conditions a padded forehead 
rest was installed which retained the forehead 8 1/2" from the 
tachistoscope aperture. This is shown in figure 5 at F. Individ-
ual accomodation to the height of the forehead rest was achieved 
by means of an adjustable chair. Mounted on the back of the 
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head rest was a black shutter which served to block the subject's 
view of his drawings, tracings and other possible visual distrac-
tions during the rest intervals between targets. A solenoid held 
the shutter above the line of sight during the stimulus presentation. 
At the end of a viewing interval an impulse released the shutter 
which was the n manually retracted with a chain and pulley ar-
rangement just prior to the succeeding stimulus presentation. 
Figure 6 schematizes the electrical components of this system. 
FIGURE 7 
SUBJECT'S POSITION DURING T A RGET TRAINING 
WITH DYNAMOMETER ACTIVITY. 
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FIGURE 8 
SUBJECT'S POSITION DURING TARGET TRAINING 
WITH DRA WING ACTIVITY. 
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FIGURE 9 
SUBJECT'S POSITION DURING T A RGET TRAINING 
WITH TRA CING A CTIVITY. 
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3. Stimulus Mate rial 
Eight sets of training targe ts and tests were required for this 
study. One set was used in the first exploratory study while the 
other seven sets were used in both a second preliminary study and 
in the main experiment. 
The targets were line drawin gs rendered in black ink. Each 
form in the training series was centered on a l 0" x l 0'' white card 
and covered an area of approximately 3 l/2". In the test series 
four forms, each centered in one quadrant, appeared on comparable 
l 0" x l 0" cards. On each test card one of the four forms was 
identical to its training counterpart while the three other forms 
were identical with the training target in outer shape and size but 
different in terms of the spatiai relations of the internal detail. 
The quadrant which contained the form identical to the training 
target was randomly varied throughout each set. 
Each set of training targets and tests was made up of ten items. 
The items within a set varied in structure and complexity, which 
was here defined in terms of number of lines making up the interval 
detail. Each set of ten items contained the following complexity 
combination: 
(l) one target composed of one internal line 
(2) three targets composed of two internal lines 
36 
(3) four targets composed of three internal lines 
(4) two targets composed of four internal lines 
Examples of the four degrees of complexity for the training tar-
gets and their test counterparts are shown in figure 10. Serial 
order for all sets in the main experiment was (1) four lines; 
(2) three lines; (3) three lines; (4) two lines; (5) two lines; (6) one 
line; (7) two lines; (8) three lines; (9) three lines; (1 0) four lines. 
Serial order in the second exploratory study was of two kinds: 
decreasing-increasing complexity as described above and de-
creasing complexity in which the items ranged from four line 
targets at the beginning of the list to a one item target at the end. 
The eight sets of targets were also matched in terms of ex-
ternal outline. Each set was made up of one each of the following 
ten shapes; circle, triangle, square, hexagon, crescent, vertical 
diamond, horizontal diamond, rectangle, truncated pyramid, 
semi-circle. The serial order of external shapes varied among 
sets. 
Nine training targets and tests were also required for use as 
practice material when the subjects were being familiarized with 
the equipment and procedure of the experiment. Used for this 
purpose were solid black patterns which were varied in spatial 
location on the test choices. 
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TRAINING TARGET TEST TARGET 
1. 
TRAINING TARGET TEST TARGET 
2. 
TRAINING TARGET TEST TARGET 
3. 
TRAINING TARGET TEST TARGET 
4. 
FIGURE 10 
EXAMPLES OF TRAINING AND TEST TARGETS 
SHOWING FOUR DEGREES OF COMPLEXITY. 
For the first exploratory study an additional test series of 
reversed contrast targets was required. Examples of the practice 
items and the three formats of tests for the first study are shown 
in figure 11. 
C. Experimental Procedure 
As the experimental success of this study rested upon the use of a 
dis criminatory test of target recognition efficiency an d as no suitable 
standardized test was available in the literature, two preliminary stud-
ies were conducted to fulfill this initial requirement. 
1. Procedures in Prel;i.minary Experiment I 
The first preliminary experiment was designed to determine 
which format of form recognition test would provide the greatest 
amount of variance among subjects and an average of 50 per cent 
correct responses. Three test formats were studied: 
1) Identity Test: the test cards were presented with targets 
in the same orientation and same figure-ground contrast 
as were the training targets. 
2) Contrast Test: the test cards were presented with the tar-
gets in the same orientation as the training targets but with 
the figure-ground contrast relations reversed. 
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3) Re-orientation Test: the "Identity" test cards were rotated 
90° about the line of sight to the left or right. Examples of 
these tests are shown in Iigure 11. 
In the first phase of this preliminary study a twelve-target set 
was used with training and testing time intervals of 4" and 10" 
interval between targets. Each subject viewed the twelve targets 
once. Both test and training targets were administered in the 
same serial order. Following a three-minute rest at the end of 
the training set, three types of recognition tests were administered. 
The three test cards for each item were administered consecutively. 
Table I shows the order of test presentation. By using 18 subjects, 
each test occurred twice in each position thus counterbalancing for 
additional learning effects which might have occurred during testing. 
Subjects 
1' 7' 13 
2, 8, 14 
3, 9, 15 
4,10,16 
5,11,17 
6,12,18 
TABLE I 
ORDER OF PRESENTATION OF THE THREE 
RECOGNITION TESTS 
Order 
Identity Contrast Rotation 
Contrast Identity Rotation 
Rotation Identity Contrast 
Rotation Contrast Identity 
Contrast Rotation Identity 
Identity Rotation Contrast 
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PRACTICE TARGET 
·~ 
IDENTITY CONTRAST ROTATION 
·~ ·.-
" • 
... ·~ 
·" 
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FIGURE II 
EXAMPLES OF A PRACTICE TARGET AND THE THREE 
TYPES OF RECOGNITION TESTS USED IN PRELIMINARY 
EXPERIMENT I. 
As an introduction to the experiment, the subjects w e re given 
the following verbal instructions: 
11 ln this experiment we are trying to determine how different 
chan ges in the appearance of targets affect our ability to recognize 
them. You are to study several targets. Look at each very care-
fully and try to remember all features. After a brief rest you will 
be shown three different tests for each target. These tests consist 
of cards with four similar targets drawn on each. You indicate 
the target which you memorized by telling me its position on the 
card." 
The subject was then shown four practice targets and the three 
types of tests to acquaint him with training and testing requirements. 
The small number of correct responses in this first exploration 
suggested that the number of targets per set should be -reduced and 
the training time increased. With a ten target list and training and 
testing time of 5 11 the second part of this study continued with 19 
subjects. Other procedures and design features remained the same. 
2. Procedure for Preliminary Experiment II 
This study was designed to provide information on three issues: 
1) The relative difficulty of the seven sets of targets which 
were used in the main experiment under training conditions 
of observation. 
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2) The effect of practice on target recognition ability under 
training conditions of observation. 
3) The effect of target complexity serial order on the relative 
difficulty of the seven sets of tar gets. 
Fourteen subjects, 8 female and 6 male, participated in this 
study. Each subject learned each list. The required seven ses-
sions per subject occurred during seven consecutive morning and 
afternoon sessions. The minimum time separation per session 
was three hours. 
For this study the training target exposure time was 15", in-
terval between items 20", the relaxation period between training 
and testing 10 minutes, test target viewing time 5 " , inter-item 
test interval 1 0". This schedule was selected on the basis of the 
time requirements for the main experiment. 
Subjects were verbally instructed as follows: 
".In this experiment we are trying to determine the relative 
difficulty of seven sets of targets and tests. A t each session you 
will memorize one set of targets. Then you will have a brief re-
laxation period followed by the memory test. These tests consist 
of cards with four similar targets on each. You indicate that tar-
get which you memorized by telling me its position on the card." 
The subject was then introduced to the training and testing pro-
cedure with the use of three practice targets and tests. On the 
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basis of results from preliminary experiment l only the "Identity" 
type test was used for both this study and the main experiment. 
The decreasing-increasing and decreasing orders of target 
complexity order which were described in Chapter IV were pre-
s ented in the counterbalanced order shown in Table II. This 
design provided that e.ach combination of target complexity order 
and target set occurred once in every position of the learning 
sequence. 
3. Procedure for the Main Experiment 
The procedure for the main experiment was designed to yield 
information on 1) the effect of induced muscular effort upon ef-
ficiency of target recognition (four conditions of dynamometer-
induced muscular effort); 2) the effect of three training methods 
(Observation, Tracing and Drawing) upon efficiency of target 
recognition. As data of preliminary experiment II showed that no 
significant increase in an individual 1 s recognition ability can be 
expected to occur as a function of practice in seven learning ses-
sions under the training condition of Observation, i. e. zero museu-
lar effort, a design was adopted wb,ich required each subject to 
serve in all conditions of the experiment. A slight, non-significant 
difference in the difficulty of the seven target sets was compensated 
for by use of a counterbalanced order of presentation as were the 
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TABLE II 
TARGET COMPLEXITY ORDER OF PRESENTATION 
..:., ...., ...., ...., ...., ...., ...., 
(\) Q) Q) Q) Q) Q) Q) 
~ tf.l ~ ~ ~ ~ ~ 
....., 
...., ' ....., ....., ...., ...., ....., 
u ...., 1-! Q) 1-! (\) 1-! Q) 1-! Q) 1-! Q) 1-! Q) 1-! Q) Q) Q) 0.0 Q) 0.0 Q) 0.0 Q) 0.0 Q) 0.0 Q) 00 Q) 00 .,....., 
,.0 '"C 1-! '"C 1-! '"C 1-! '"C 1-! '"C 1-! '"C 1-! '"C 1-! 
::! 1-! ro 1-! ro 1-! ro 1-! (lj . 1-! ro 1-! ro 1-! ro 
~ 0 E-1 0 E-1 0 E-1 0 E-1 0 E-1 0 E-1 0 E-1 
1 *D-I A D B D-I c D D D-IE D F D-I G 
2 *D B D-I c D D D-IE D F D-IG D A 
3 D-I c D D D-I E D F D-IG D A D-I B 
4 D D D-I E D F D-IG D A D-I B D c 
5 D-I E D F D-I G D A D-I B D c D-I D 
6 D F D-IG D A D-I B D c D-I D D E 
7 D-I G D A D-I B D c D-ID D E D-I F 
8 D A D-I B D c D-I D D E D-I F D G 
9 D-I B D c D-1 D D E D-I F D G D-I A 
10 D c D-I D D E D-I F D G D-I A D B 
11 D-I D D E D-I F D G D-I A D B D-I c 
12 D E D-I F D G D-I A D B D-I c D D 
13 D-I F D G D-I A D B D-I c D D D-1 E 
14 D G D-I A D B D-1 C D D D-I E D F 
* D-I refers to Decreasing-Increasing Complexity Order 
* D refers to Decreasing Complexity Order 
seven experimental conditions. The plan of the main experiment 
is schematized in Table III. 
With this design each training condition occurred four times 
in each position of the learning sequence. 
Twenty-eight subjects, all of whom participated in preliminary 
experiment I, served in this study. They were numerically as-
signed to the schema in the temporal order in which they reported 
at the laboratory. 
The schedule of all experimental sessions for the main experi-
ment was identical with that of preliminary study II. Seven morning 
and afternoon sessions took place within a maximum period of five 
consecutive days. No two sessions were scheduled at less than a 
three -hour interval. 
The time sequence for each session, also identical with pre-
liminary study II, was as follows: 15 11 training target viewing 
time, 20 11 inter-target rest interval, 10 minute interval between 
training and testing, 5 11 test viewing time, inter-target test inter-
val l 0 11 • As in the previous study, the l 0-minute relaxation period 
was occupied with casual conversation and browsing through popular 
magazines. 
a. Equipment Adjustments for Individual Differences in Size 
The beginning of the first experimen tal session was oc-
cupied with procedures for adjusting the equipment to the 
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Subject 
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,,, 
~' T = Tracing; * D=Drawing 
subject. The subject's chair was raised or lowered until his 
optical axis coincided with the center of the tachistoscope's 
aperture. Sitting with his head against the forehead rest and 
his right hand grasping the head rest pillars, he next was in-
structed to place his left elbow on the foam rubber positioning 
pad (H in figure 5) and locate the dynamometer in a position 
comfortable for him to exert pressure on its handles. After 
the selection of platform location, the dynamometer was 
clamped in position by the experimenter. (Figure 12 shows 
position of Subject and Experimenter.) The subject was next 
required to adjust the size of the dynamometer grip to accomo-
date his hand size. He was allowed to experiment briefly in 
testing out the various grip sizes. When the subject was satis-
fied with his selection, the experimenter recorded the measure-
ments. On all subsequent experimental sessions these identical 
equipment adjustments were made for each subject. 
b. Measurement of Maximum Dynamometer Activation 
Upon completion of the above-described adjustments at 
the first session, and as the first activity of each subsequent 
session, the subject was instructed to watch the tachistoscope 
stimulus screen to see a light which would be turned on for 15" 
revealing a blank white card. At the end of this presentation 
he was instructed to assume the position for target training 
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FIGURE 12 
APPARAT US SHOWING SUBJECT'S AND 
E XPERIMENTER'S POSITION DUR.ING E XPERIMENT 
* 
with dynamometer activity (figure 7) and watch for the stimulus 
light again. When the light appeared he was to grip the dyna-
mometer handles as hard as possible and maintain that grip 
for the 15" interval. Subjects were urged to attempt to achieve 
their maximum pressure scores. The pressure reading at the 
end of 15" was recorded by the experimenter and served as the 
measure of maximum grip for that session. This procedure 
* was followed at the beginning of every experimental session. 
c. Explanation of the Experiment 
At the first session followin g the measurement of dyna-
mometer pressure, the subject was invited to relax briefly 
while the following explanation of the experiment was offered: 
"You are participating in an experiment in which we are 
studying the effect of muscular activity on the ability 
to remember targets. Each of the seven times you 
come to this laboratory you will memorize one set of 
targets while you are performing some king of activity. 
After a short rest period you will have a recognition 
test to determine how many targets you remembered. 
In no case did variations in maximum dynamometer effort result in 
a large required degree of effort being less or equal to a smaller 
required degree. Table C in appendix shows individual data on 
dynamometer measurements. 
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The t a rg e t s you will m e m o rize a r e like tho s e of the 
first study you p a rticipa t e d i n . How e v e r, in this 
study the r e is on ly one r e cogn ition t e st- -the iden tity 
t es t--for each t a rg e t." 
d . T a rge t Tr a i n i n g Con dition s 
With the comple tion of the a b ov e e x p l anatio n a t the first 
se ssion , the ta rge t train i n g p rop e r b e g a n. I n the six subs e quent 
s e ssions tra i n i n g w a s p r e c e e d e d only by the m eas u r e m e nt o f 
m a ximum dynamom e t e r pr e ssure. 
(1) Targe t Tr a ining with Induce d Dyn am o m e t e r Pr e ssur e 
The grade d s e rie s of five fractionsof m a ximum dyna-
mom e t e r p r e s s ur e w e r e 0 , 1/8 , 1/4, 1/2, 3/4. (The con -
clition o f z e ro dynamom e t e r pr e ssure is also r e ferr e d to a s 
the Obs e rvation tra ining con dition .) For thi s condit~on the 
subj e ct a ssum e d the sta n d a rd vie wing position with his 
h ead r e sting a g a inst the for e h e ad rest a nd his for earms on 
the table top. H e was instructe d to relax comfortabl y i n 
position and m e morize the t a rge ts. As in all condition s, 
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h e was r e min ded that afte r the l ear n i n g s e ssion a nd r e st 
p e riod h e would b e r e quir e d to pick out e ach memorize d 
t arget from thr e e similar on es thus to n ote d e t a ils car e fully. 
In the 1/8, 1/4, 1/2, 3/4 dyn a mom e t e r pr e ssur e 
tr a in i n g c onditions the e xp e rim enter s e t the dyna momete r's 
a djusta b le c ontact unit at the p r e scribe d fraction of the 
subj e ct's maximum grip for tha t s e ssion. The subject 
was inform e d that h e was to turn on the stimulus lights 
by exerting the requir e d pre ssure on the dynamom e t e r. 
Figur e 7 shows the subj e ct in the requir ed position for 
dynamometer activity. It w a s also pointed out that h e 
mus t maintain a st e ady p r e ssur e in order to k e ep the 
signal buzze rs sile nt. As in all other conditions, e m-
phasis was place d on the fact that his primary task was 
to m e morize the targe ts for the late r r e t ention test. The 
experim e nter paced the subject's stimulus illuminating 
r e s ponse by saying "ready" two s e conds b e for e the r e -
quir ed time and "go" a t the required tim e . 
(2) Targe t Training with Drawing A ctivity 
In the drawing condition the subj e ct wa$ supplie d with 
a grea s e crayon with which he dr e w on white cards placed 
i n the holde r. This arrange m ent is shown in figure 8. 
The subject was i n structe d that h e was to m e morize the 
targets while making copies of the m. It w a s e mphasize d 
that the artistic quality of the drawing was irrele vant as 
the subj e ct's primary task was to learn the target for the 
late r r e cognition t e st. A t the comple tion of e ach targe t 
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i n t e rval the e xpe rim ente r r e move d the used card from the 
frame. In this condition the expe rim e nte r controlle d the 
t a chistoscope i llumin ation . 
(3) Targe t Train i n g with Tracing A ctivity 
The subject was instructe d to m e morize the targ e ts 
while tracing them with grea se crayon on the ple xiglass 
aperture cover. The subj e ct's position is shown in figure 9 . 
As in the dra wing condition h e was assur e d that his p ri-
mary task was to memorize the targe ts for late r t e sting, 
the aesthe tic value of the tracing b e ing irrelevant. At the 
e nd of e ach targ e t interval the exp e rimen t e r r e move d the 
used plexiglass from the fram e a n d rep lace d it with a 
clean one. The experimente r controlled stimulus illumi-
nation. 
A ft e r the proce d u r e s approp riate to the s e ssion w e r e 
e xplaine d, practic e was r e quired in which the subject l e arned 
three targ e ts in con junction with the s e ssion's p rescrib e d 
activity. The recognition t e sts for the thr e e practic e targets 
w e re shown after a two-minute rest. Then the session's 
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pr e scribed s e t of training targets was presente d with the r e quired 
activity condition . 
e. Rest Period 
Following tra ining the subject was r e quir e d to r e st qui e tly 
for t e n min utes . S ev e r a l p opula r magazine s w e r e provide d 
for pe rusal. 
f. R e cogn ition T e st Proce dur e 
The subj e ct a ssum e d the vie win g p osition for Obs e rvation 
while the experim enter pr e s e nte d the test targets. B e fore the 
t e st b e g a n the subject w a s r e minded to indicate the p osition of 
the targe t which h e r e m e mb e r e d on e ach card. H e was urge d 
to s e l e ct that one which seeme d most famili a r e v e n if h e was 
n ot sur e of his choic e . 
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CHAPTER V - RESULTS 
A. Results of the Preliminary Experiments 
The major function of the preliminary experiments was to provide 
information on the learning materials and procedures to be used in the 
main experiment. Accordingly, the preliminary experiments were 
concerned with the following: (1) The effect of recognition test format 
on number and variance of correct responses; (2) The effect of practice 
on recognition efficiency; (3) The effect of serial order on recognition 
efficiency; (4) The effect of target complexity order on recognition 
efficiency; (5) The effect of target complexity on recognition efficiency. 
1. Recognition Test Format 
The first study was aimed at selecting from the three recog-
nition test formats, (Identity, Contrast, Rotation) that one which 
yielded approximately 50o/o correct responses and the largest 
variance. Obviously a test which was too easy or too difficult 
would not be sensitive to changes brought about by the experimental 
conditions . 
Analysis of the scores of the first 18 subjects suggested that a 
12 item list with a 4 11 exposure interval was a difficult task. Table 
IV shows the means and standard deviations for this first group. 
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TABLE IV 
Scores on Three Recogn ition Tests Obtained Under Training 
Condition of Obs e rvation (N=l8) 
Identity Test Contrast Test Rotation Test 
Mean Score 
S.D. 
5.22 
I. 83 
5.00 
I. 81 
4.44 
I. 56 
Since all thes e scores were below the criterion of 50o/o correct 
a ten item list and 5 11 exposure time was us e d for the next 19 
subjects. Their scores are shown in Table V. 
TABLE V 
Scores on Thr e e Recognition Tests Obtained Under Training 
Condition of Observation (N=l9) 
Mean Score 
S.D. 
Iden tity Test Contrast Test 
5. 42 
I. 43 
5.78 
I. 55 
Rotation Test 
5.21 
I. 55 
There were no differences in difficulty among the three test 
formats when an analysis of variance was applied (F value I. 22). 
A test for homogeneity of variance (20) was also non-significant 
with an uncorrected )€2 value of . 95. 
The Identity Test was chosen for use in the main study because 
of its simplicity of construction. 
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2. The Effect of Practice on Recognition Efficiency 
As the design of the main experiment would require each 
individual to learn a set of targets in each of the seven different 
effort conditions, it was desirable to determine whether, during 
the learning of seven sets of targets, any progressive changes in 
performance are revealed as a function of practice. 
By combining total correct responses on 11decreasing 11 com-
plexity order (N=7) and on 11decreasing-increasing 11 complexity 
order (N=7), irrespective of target set, results presented graph-
ically in Figure 13 were obtained. The Fisher 1s t values for these 
scores were computed by comparing each subject's score at ses-
sion one with his subsequent scores at sessions three, five, and 
seven for each order of target complexity. Table VI and Table VII 
present this data. 
TABLE VI 
Significance of Increase with Practice in Recognition Scores with 
11 Decreasing-Increasing 11 Complexity Order Under Training Con-
dition of Observation (N=7) 
Condition Mean Difference crDifference t p 
Session 3 versus 1 1. 00 . 52 1. 92 . 10 
Session 5 versus 1 1. 00 . 49 2.04 . 08 
Session 7 versus 1 . 43 . 47 . 85 . 40 
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TABLE VII 
Significance of Increase with Practice in Recognition Scores with 
11Decreasing 11 Complexity Order Under Training Condition of 
Observation (N=7) 
Condition 
Session 3 versus 1 
Session 5 versus 1 
Session 7 versus 1 
Mean Difference <r'Difference 
-.43 
-. 43 
. 57 
. 48 
.37 
. 28 
t 
.84 
1. 08 
2.14 
p 
. 45 
.35 
• 08 
The above analysis indicated that with either order, the changes 
due to practice were not of significance. 
An analysis of variance was also made of the responses of the 
14 subjects at each session irrespective of complexity order or set. 
The F ratio of . 4 7 for this analysis indicated there was no signifi-
cant difference in total correct scores per session as a result of 
practice under training conditions of observation. 
3. The Effect of Serial Order on Recognition Efficiency 
Verbal serial learning studies {34) have shown that, other 
things being equal, the initial and terminal items in a list are 
more readily learned than the intermediate items. Further analyses 
were made to determine if position, apart from the complexity of 
a target, within a list had an effect on the probability of recognition. 
The average number of correct responses for each list position was 
computed taking account of differences in the two orde:r9of target 
complexity. This data is presented graphically in Figure 15. 
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It can be s e en that, sinc e the dramatic initial and terminal 
high scores found in verbal rote learning studies {34)ar~not present, 
the choice of either complexity order would not involve any overall 
differences i n intra-list performance. 
4. The Effect of Target Complexity Order on Recognition Efficiency 
In view of the fact that the present stimulus targets varied 
in complexity, a study was performed to determine how the order 
of pres entation of targets of varying complexity within a list 
effects recognition efficiency. Average scores for each target 
set on the two tested orders, decreasing-increasing complexity 
and decreasing complexity, are presented graphically in Figure 14. 
Table VIII and Table I X show the means and standard deviations for 
the two orders. 
TABLE VIII 
Scores Obtained Under Trainin g Condition of Observation on Seven 
Sets of Targets with "Decreasing-Increasing " Intra-List Complexity 
Order (N=7) 
SET 
Mean Score 
S.D. 
A 
4.28 
1. 49 
B 
5.43 
2.22 
c 
4.00 
1. 15 
TABLE IX 
D 
5. 00 
1. 15 
E 
5.86 
1. 21 
F 
5.28 
1. 60 
G 
5.28 
2.39 
Scores Obtain ed Under Training Condition of Observation on Seven 
.Sets of Targets with "Decreasing" Intra-List Complexity Order 
SET 
Mean Score 
S.D. 
A 
5.43 
1. 51 
B 
4.28 
1. 51 
{N=7) 
c 
3.42 
1. 98 
D 
5.28 
2.28 
E 
5. 14 
2. 11 
F 
6.42 
2.29 
G 
4.00 
1. 28 
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An analysis of variance was applied to the scores of each 
presentation order. The F values of 1. 41 and 1. 01 respectively 
indicated that the obtained differences between target sets with 
either complexity order were insignificant. The choice of "de-
creasing-increasing" complexity order for the main experiment 
was based on the apparently smalle r · differences in inter-set means 
revealed in the graphical portrayal of the two orders shown in 
Figure 14. 
5. The Effect of Target Complexity on Recognition Efficiency 
In order to determine the effect of target complexity upon 
recognition efficiency under the training condition of observation 
for all seven sets of targets, the total correct responses for tar-
gets of equal complexity was averaged. This distribution is shown 
in Figure 16. As was already noted in relation to the serial order 
analysis, there is a uniform negative relationship between the num-
her of lines which make up a target and the efficiency of recognition; 
the fewer the lines, the more efficient the recognition. 
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B. Results of the Major Experiment: The Effect of Training Under 
Various Degrees of Dynamometer Effort upon Recognition Efficiency 
The data obtained in the main experiment were subdivided for analysis 
in terms of the two problems posed for this study: 
(1} The effect of different degrees of experimentally induced mus-
cular effort during form discrimination training upon form retention 
(2} The effect of three traditional form discrimination training 
techniques upon form retention. 
Only one analysis was based on the combined seven experimental 
conditions. Each subject's total correct responses for all conditions 
were computed for presentation in the frequency curve shown in 
Figure 17. This graph indicates that the experimenta~ population 
produced a near-normal distribution of recognition scores. 
The relationship of the five conditions of induced effort to recogni-
tion efficiency is pres en ted graphically in Figure 18. It can be seen 
that the maximum recognition was at zero induced effort, i.e. Obser-
vation, and that the recognition curve from that point on appears to be 
an exponential decay function of effort. 
The means and standard deviations for the number of targets 
correctly recognized under each effort condition are shown in Table X. 
TABLE X 
Mean Recognition Scores and Standard Deviations for Training 
Under Various Degrees of Maximum Dynamometer Effort (N=28} 
Mean Score 
S.D. 
0 
6. 14 
1. 95 
1/8 
5.28 
2.30 
1/4 
5.00 
1.,58 
1/2 
4.75 
1. 56 
3/4 
4.75 
1. 36 
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An analysis of variance was applied to the data from these five 
effort conditions yielding the ratios shown in Table XI. 
TABLE XI 
Analysis of Variance of Recognition Scores Obtained Under 
Trainin g Conditions of Various Degrees of Maximum Dyna-
mometer Effort {N=28) 
Source of Variation Sum of df Mean Square 
Squares 
6 6 
F 
Between Effort Conditions 37.53 4 9 .38 F A /R - 3. 97 
Between Individuals 211.17 27 7.82 F I/R - 3. 31 
Residual 254 .. 47 1 08 2.36 
Total 503.17 139 
The F values of 3. 97 and 3. 31 for effort condition differences and 
individual differences were significant at the . 01 level. The assumption 
of homogeneity of variance was tested by the application of Bartlett's 
t e st. The computed X 2 value of 3. 94 indicated that the expected values 
of recognition scores were not equivalent under varying conditions of 
induced tension. 
In order to highlight the essential relationship sought, i.e. the 
extent a n d nature of the deviations from "normal" level of perceptual 
efficiency brought about by induced muscula·r effort, Fisher's t test 
was performed to compare each fraction of induced effort with the 
"normal" level, or zero condition of induced effort. The obtained 
values are shown in. Table XII. 
TABLE Xll 
Significance of Decrease in Recognition Scores Under Training 
Conditions of Various Degrees of Maximum Dynamometer Effort 
(N=28) 
Condition Difference o-Difference t p 
0 versus 1/8 . 86 . 33 -2. bl . 02 
0 versus 1/4 1. 14 . 25 -4.56 . 01 
0 versus 1/2 1. 39 . 28 -4.92 . 01 
0 versus 3/4 1. 3 9 . 21 -6.62 . 01 
The four fractionations of maximum dynamometer effort produced 
significant decreases in recognition efficien cy from zero level. 
Two incidental findings in connection with these major results 
should be noted particularly in view of the fact that the present major 
result did not reveal a facilitation as might be expected from previous 
studies utilizing similar operations. 
1. . The Effect of Target Complexity 
Freeman (25) called attention to the fact that the influence of 
experimentally induced tension may vary with task complexity; 
simple tasks being facilitated more than complex ones. At the 
same time Bills and Stauffacher (4) proposed that the effect of 
tension was a function of task difficulty, tension facilitating an 
easy task more than a difficult one. No previous experimental 
findings have demonstrated these relations hips. 
In the present study, an analysis of the recognition scores was 
further performed to determine the relationship betwe.en fractions 
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of induced muscular effort, targ e t complexity, and recognition 
efficiency. This relationship is presented graphically in Figure 19. 
It can be seen that the only instance in which there appears to be 
anythin g like a " facilitation curve " occurred for the one line 
targets where the optimal point was at 1/8 induced effort. The 
four curves suggest that the failure to obtain the previously re-
ported facilitation curve might, in part, be a function of the pre-
dominance of complex targets in the present study. 
2. The Effect of the Buzzer Signal 
---
The relationship between auditory signals and effort conditions 
was det ermined. Figure 20 shows the average number of signals 
which occurred in each condition of dynamometer effort. 
At first glance it appears that there is a progressively uni-
form relationship between these two variables. However, closer 
examination indicates that while the number of buzzer signals for 
the 3/4 induced muscular effort condition was greater than that 
for 1/2 induced muscular effort, there was no difference between 
these two groups in recognition efficiency. 
-- -
Another fact to be considered in connection with the effect of 
the buzzer signals is that, whereas recognition efficiency was re-
lated to target complexity (Figure 19} rather than serial order, 
the number of buzzer signals which occurred appears to be related 
to serial order and independent of target complexity. This latter 
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relation is pointed out in Figure 21. While Figure 20 shows that 
for 1/2 and 3/4 maximum pressure the number of signals increased 
dramatically towards the e n d of the lists, presumably with the 
development of fatigue, this did not occur in relation to 1/8 and 
1/4 maximum pressures. 
C. Results of the Major Experiment: The Effect of Three Traditional 
Form Discrimination Training Techniques upon Form Recognition 
The relationship of the Tracing, Drawing and Observation training 
techniques to _target _ recQgnition efficiency is presented graphically in 
Figure 22, and is shown in relation to the induced effort conditions in 
Figure 18. The arrangement of these three categories along the 
abscissa in these figures is not intended to convey the notion of scaled 
values of muscular participation. Means and standard deviations for 
number of targets correctly recognized under each condition are shown 
in Table XIII. 
TABLE XIII 
Mean Recognition Scores and Standard Deviations for Training 
with Observation, Tracing, and Drawing (N=28) 
Mean Score 
S.D. 
Observation 
6. 14 
1. 95 
Tracing 
4.78 
2.15 
Drawing 
7.46 
1. 31 
An analysis of variance was applied to the data for these three 
training conditions yielding the r -atios shown in Table XIV. 
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TABLE XIV 
Analysis of Variance of Recognition Scores Obtained with 
Observation, Tracing, and Drawing (N=28) 
Source of Sum of Mean 
Variation Squares df Square F 
Between Methods 100.45 2 50 .23 F M/R = 24.50 
Between Individuals 164.22 27 6.08 F I/R = 2. 97 
Residual 110. 89 54 2.05 
Total 375.56 83 
Both F values are significant at the . 001 level. A Bartlett's test 
for homogeneity of variance yielded a x 2 value of 6. 51 which is not 
significant at the required . 01 level (11). These results indicate that 
the expected values of recognition scores were not equivalent with the 
different methods of training. 
In addition, a Fisher's t test was performed to examine the devia-
tions of Tracing and Drawing ·scores from the Observation scores. 
The obtained values are shown in Table XV. 
TABLE XV 
Significance of Differences in Recognition Scores Between 
Observation, Tracing, and Drawing (N=28) 
Condition Difference V" Difference t df 
0 versus T -1. 36 . 32 -4.25 27 
0 versus D 1. 32 • 22 6.00 27 
D versus T -2.68 . 36 -7.44 27 
p 
. 01 
. 01 
. 01 
From the highly significant probability values obtained in the two 
above -described analyses it is apparent that, for the type of targets 
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used in this study, the three methods differ in efficiency. Drawing is 
the most effective procedure, Tracing the least. 
1. The Effect of Target Complexity 
-- --
Reference to Figure 19 shows that with the Drawing all degrees 
of target complexity are uniformly high, relative to Observation, 
although the four degrees of complexity are discriminated in terms 
of recognition efficiency. With Tracing, the four degrees of target 
complexity are all uniformly low but not arranged in order. With 
Obs e rvation the four degrees of complexity are discriminated as in 
Drawing--but the average level of efficiency is below that of Drawing. 
CHAPTER VI -DISCUSSION AND IMPLICATIONS OF THE RESULTS 
The implications of the results of this study will be examine d with 
respect to three pr evalent gene ralizations regarding the effect of in-
duced muscular effort on learning: the educational view that facilitating 
attentional factors arise from incre ased muscular tonus; the view that 
task-related muscular effort facilitates perceptual learning; and the 
vie w that induced task-irrelevant muscular effort facilitates l e arning. 
A. Facilitation from Tonus -Aroused Attentional Factors 
The generalization that increased muscular tonus facilitates learn-
ing did not appear to apply in this study's perceptual learning task 
since eve n the smallest increase in muscular tonus significantly 
reduced retention. 
This particular viewpoint could have meaning only if we regard the 
experimental condition of Observation as already having created the 
facilitating attentional stage. In this connection seve ral features of 
the Observation procedure suggest that this could be the case. 
1. The Subject's Position During Observation 
By r e quiring the Subject to press his forehead against the 
padded head-rest and maintain a relatively_ constant, erect posture, 
it might be assumed that considerable proprioceptive stimulation 
was being aroused to what is normally considered to be found in 
the state of ' 1 attention 11 • 
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2. The Measurement of Maximum Dynamometer Pressure Before each 
Session 
The single 15" performance of maximum dynamometer pres sure 
before each session may be assumed to have aroused a muscular 
tonus which did not dissipate during the Observation training. 
3. Instructions 
It could be assumed that attentional factors, aroused by the 
instructions in general as well as by the emphasis on the approach-
ing test of retention, sponsored extensive ''psychical" t e nsion. 
4. Brief Exposure of Targets 
The brief targe t exposures within the confined, darkened 
visual field produced by the tachistoscope may also have enhanced 
attentional factors. 
B. Task-Related Muscular Effort and Perceptual Learning 
The view that task-related muscular effort facilitates perceptual 
learning was, in part, supported by the results of this study. While 
Drawing resulted in maximum facilitation, Tracing resulted in maxi-
mum decrement. 
Closer examination of these two task-relevant conditions suggests 
several clues as to their respective facilitating and inhibitory effects. 
1. The Role of Successiv e Observations in Drawing 
In the Drawing activity the subject was e ngaged in a series of 
many brief observations in which, presumably, he checked the 
accuracy of his reproduction against the original. 
Although in the Tracing response the reproduced target could 
also be checked against its original, the feature of a series of 
discrete, successive, brief observations of the target was not an 
unavoidable feature of that operation. 
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When comparing Drawing with Observation it is difficult to 
understand the superiority of Drawing since the nature of the Draw-
ing operation actually resulted, as indicated above, in reduced 
obs e rvation of the target. This notion, that several discrete 
observations may be more efficient than a continuous observation 
p e riod, suggests two implications for previous theorizing in this 
area. 
a. The Locus of Induced Effort 
In line with the general view of effort as a facilitator, the 
effort involved in the series of successive glances aroused by 
the Drawing operation may have produced facilitating tonus in 
the visual apparatus. This suggestion relates to Fre e man)-s 
(23, 24) and Davis' (18) findings that the effect of induced tension 
upon learnin g varies with its locus. It could follow that in the 
present study the optimal locus of muscular tension would be 
within the visual apparatus. 
b. Observation-Induced Inhibition 
In line with Hull's notion {28) of the inhibitory character 
of effort, it could be assumed that beyond a certain maximum 
tim e interval, continued observation responses to a target 
produce successively greater accumulations of Reactive 
Inhibition. :l,c This cumulative inhibition would be reflected in 
the low retention scores of Observation and not in Drawing 
where short spaced observation periods occurred. Similarly, 
Hull's notion of RI could account for the decrement in the 
task-irrelevant effort conditions as being the result of genera-
tion of Reactive Inhibition in both the visual apparatus and the 
muscular system involved in performing the dynamometer 
pressure response . . 
2. The Role of Visual Reinforcement 
The advantage of Drawing over Observation might also be 
related to the absence in the latter of the visual reinforcements 
provided by the reproduced target in the Drawing operation. The 
fact that this reinforcement was also present in the Tracing con-
dition where no facilitation occurred considerably qualifies the 
effect of this condition. 
* Hull's concept of Reactive Inhibition as applied to perceptual 
phenomena has been indicated by Berlyne {2) in his discussion 
of perceptual satiation. 
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3. The Effect of Changing Focus from Target Plane to Aperture Plane 
In attempting to understand the differences in effects of the 
two task-relevant effort conditions, one major difference in apparatus 
suggested a possible explanation. In both the Tracing and Drawing 
operations it was necessary for the Subject to shift his focus from 
the target plane to the plane of the aperture. In the Drawing condi-
tion, focus was shifted to an opaque surface adjacent to the aperture 
whereas in the Tracing response the surface was transparent. It 
is conceivable that the latter factor may have rendered the Tracing 
operation a difficult task. 
C. Task-Irrelevant Effort in Perceptual Learning 
This study indicated that the view that task-irrelevant induced 
muscular effort facilitates learning cannot be applied to a perceptual 
task of this overall level of complexity. Rather, the results from the 
task irrelevant conditions of this study support the Hullian view that 
learning is a decreasing function of the work involved in the learning 
task. Examining the differences in experimental conditions for possible 
additional determinants of the decrement with increased induced effort 
two possible determinants may be pointed to. 
l. Auditory Stimulation 
As noted in the previous chapter, the number of buzzer signals 
increased with each increment in effort. Although it was shown that 
the number of buzzer signals was related to serial order rather 
than recognition efficiency, the fact remains that this auditory 
stimulation may have affected the performance in that the main-
tenance of a certain dynamometer pressure might be considered 
as a distracting and hence interfering response. 
However, there is no conclusive evidence in the literature 
that noise per se serves to inhibit perceptual performance . In 
fact, there is some evidence to suggest that noise may facilitate 
certain types of performance (9 , 32, 37). Laird (33), on the other 
hand, showed a systematic influence of noise on an assembly line 
job. While Baker (1) showed that the effect of noise is a function, 
at least in part, of the subject's preconceived notions concerning 
the influence of extraneous auditory stimulation. 
2. The Generalization Gradient 
Another pos s ible explanation for the increasing decrement 
from Obs e rvation with increased induced effort lies in the estab-
lished concept of the gen eralization gradient. This appears in the 
familiar educational maxim that the more closely a training 
situation resembles that in which the training is to be used, the 
more effective will be the training. 
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It could be held that less generalization occurred in the Obser-
vation condition than in the task-irrelevant induced effort condition s 
because the difference between the training and testing conditions 
was smallest for the Observation condition. 
This explanation cannot adequately handle the facilitation 
resulting from Drawing. 
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CHAPTER VII - CONCLUSIONS 
The results of this study indicated that l) Visual form discrimination 
learning is systematically inhibited with a progressive increase in task 
irrelevant induced effort; 2) Visual form retention is maximally facili-
tated by a task-related effort: Drawing, and 3) is inhibited by a task-
related effort: Tracing; 4) The effect of task-irrelevant induced effort 
on visual form discrimination learning is a function of the complexity 
of the training form, i.e. the less complex the form the more efficient 
the learning. 
It is concluded that no theoretical viewpoint is able, at the present 
time, to account for all the experimental findings although some are 
able to handle certain portions of the data. The present results indi-
cated that any theory attempting to derive the effects of muscular 
effort on visual form discrimination learning must make provision 
for the following: ( l) that the more complex the form the less likeli-
hood of facilitation from induced effort, (2) the nature and influence of 
observational processes occurring in conjunction with different patterns 
of activity, and (3) the conditions which determine whether effort will 
facilitate or inhibit performance. 
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APPE1xiD JX A 
mn.'iBER OF COB.REC 'r RESPONSES OF EACH 
SUBJECT ON lffi.IN EXPERD.1ENTAL CONDITIONS 
C 01\TD IT ION 
SUBJECT 0 1/8 ~ ~ 3;1~ D T 4 2-
1 5 5 5 6 1 7 5 
2 6 6 3 1 4 4 5 
3 7 6 4 4 3 8 1 
4 7 9 5 8 7 9 9 
5 7 2 3 4 6 8 3 
6 7 6 5 6 4 8 6 
7 7 4 6 1 5 8 3 
8 3 2 5 2 7 8 1 
9 3 5 3 4 a 6 4 
10 6 6 4 5 3 8 3 
ll 10 5 6 8 6 10 8 
12 7 7 5 6 6 7 4 
13 4 4 4 3 4 5 3 
14 4 5 1 3 2 6 4 
15 8 3 5 3 2 9 6 
16 7 7 7 5 6 9 10 
17 9 7 6 h 6 8 1 
18 5 3 6 5 3 7 7 
19 5 8 7 8 7 8 3 
20 7 7 6 5 6 8 5 
21 7 3 7 4 5 7 5 
22 7 7 4 6 5 8 3 
23 3 7 6 6 6 7 5 
2L~ 5 8 7 8 6 8 7 
25 3 1 2 4 6 5 h 
26 6 5 5 4 5 7 4 
27 7 5 7 h 3 8 4 
28 10 5 6 6 7 8 5 
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APPENDIX B 
NUMBER OF COR..li.ECT RESPONSES OF EA.CH SUBJECT 
TIJ SEVEN l\Jili. TIJ EXPERTIAENTAL SESSIONS 
JRHESPECTIVE OF EFFORT COND ITION 
SESSION 
SUBJECT 1 2 3 4 5 6 7 
1 6 5 5 7 5 5 l 
2 6 3 4 l 5 4 6 
3 4 8 3 1 4 6 7 
4 9 7 9 9 5 7 8 
5 6 3 2 3 7 4 8 
6 6 6 6 7 4 8 5 
7 4 1 7 5 8 6 3 
8 2 3 5 8 2 1 7 
9 3 3 6 4 4 2 5 
10 4 8 3 3 5 6 6 
11 10 6 8 5 6 10 8 
12 6 4 7 5 7 6 7 
13 3 4 3 4 4 5 4 
l4 5 3 4 2 6 1 4 
15 3 8 5 9 3 6 2 
16 7 7 9 5 10 6 7 
17 6 8 6 7 4 7 9 
18 7 3 7 3 6 5 5 
19 7 3 8 7 5 8 8 
20 5 7 5 7 6 8 6 
21 3 4 7 5 7 7 5 
22 6 7 4 8 7 3 5 
23 3 6 7 6 5 6 7 
24 7 8 6 7 8 8 5 
25 5 6 4 l 2 3 4 
26 5 4 5 5 6 4 7 
27 4 5 4 7 3 8 7 
28 5 6 10 7 8 6 5 
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APPENDJX C 
Ivl:A.XJJIJ[JM DYNAMOMETE."'R GRIP DT KILOGRAltiS 
FOR EACH SUBJECT JN SEVEN IvfADT 
EXPERDiiENTAL SESSIONS 
SESSION 
SUBJECT 1 2 3 4 5 6 7 
1 51 5o 5o 51 5o 52 5o 
2 39 32 32 35 40 38 36 
3 38 42 48 48 40 46 45 
4 44 40 42 44 36 46 43 
5 35 30 34 32 32 38 38 
6 5o 48 5o 48 52 5o 48 
7 5o 5o 5o ~.8 52 48 49 
8 26 22 24 22 24 20 20 
9 L.6 44 L~8 46 45 44 46 
10 26 20 32 30 26 26 24 
11 32 32 36 34 32 32 28 
12 45 40 48 48 5o 47 5o 
13 36 38 36 40 38 38 40 
14 56 54 54 56 56 5o 5o 
15 28 28 28 32 28 30 30 
16 30 30 24 32 32 28 28 
17 40 40 40 48 46 48 46 
18 20 20 20 20 18 18 18 
19 34 32 32 30 30 34 34 
20 46 46 45 40 42 46 46 
21 45 40 48 45 48 42 42 
22 46 42 38 40 42 42 45 
23 36 32 32 34 38 40 42 
24 36 40 38 45 42 42 44 
25 30 28 28 28 32 32 32 
26 5o L4 5o 5o 48 48 45 
27 L~o 40 36 45 40 42 40 
28 22 22 18 22 20 22 22 
ABSTRACT · 
INTRODUCTION TO THE PROBLEM 
Among the conditions known to influence the acquisition and reten-
tion of responses is the amount of muscular effort expended during 
training. In the literature of psychology there are many empirical 
studies as well as speculative accounts which support the view that 
there is an optimal amount of experimentally induced muscular effort 
which facilitates the learning of verbal and motor tasks. From these 
demonstrations it seems reasonable to anticipate that this relationship 
would also obtain for the learning of perceptual skills. Accordingly, 
the present investigation was directed to an analysis of how experi-
mentally induced muscular activity during the training procedure affects 
the recognition of visual forms. 
A. The General Pedagogic Conception of the Role of Muscular 
Effort on Learning 
Recognition of the influe nce of muscular tonus on performance has 
long been represented in the general pedagogical view that learning can 
be facilitated by the arousal of a hypothetical condition of "attention11 
which is produced either by the application of incentives or by requiring 
the learner to perform certain muscular responses during the acquisi-
tion process. 
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B. The Use of Muscular Effort in Formal Perceptual Training 
When considering specifically the ar e a of formal perce ptual train-
ing, educators have enlarged the restricted conc ept of muscular tonus 
as a l e arning facilitator to include the broader notion that patterns of 
muscular activity may act as facilitators. That the learning of visual 
form may be dependent on task-related muscular activity, {copying 
alphabet, etc.), has b e e n explicity hypothesized, especially in relation 
to the process of learning to read and write (Freeman). 
SYSTEMA TIC ANA LYSES OF THE EFFECTS OF 
INDUCED MUSCULAR EFFORT 
A. The Experiments 
A systematic relationship between muscular effort and performan ce 
was first incidentally indicated in connection with simple sensory dis-
criminations (Brees e , Miller). The first investigations specifically 
designed to study the influence of experimentally induced effort on per-
formance was that of Bills. He found that performance on several types 
of tasks was significantly improved if subjects gripped dynamom e ter 
handle s during training. 
Following Bills 1 pioneer experimentation, many investigators using 
a variety of effort inducing techniques and a variety of tasks have 
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attempted to test and specify Bills 1 general conclusion that experimentally 
induced tension facilitates performance. The diversified results of 
these experiments have served to focus experimental attention towards 
the determination of the conditions which apparently modify the facil-
itative influence of muscular effort on performance. 
Accordingly, the major investigations in this area have concentrated 
on studying the following variables: (l) The amount of induced muscular 
activity (Stauffacher, Courts.); (2) The locus of induced muscular activity 
(Davis, Freeman); (3) The nature of the tasks {Freeman); (4) Practice 
effects (Courts); (5) Volitional and motivational factors (Bills); (6) Indi-
vidual differences (Stauffacher, Courts). 
B. Explanations of the Experimental Results 
None of the theories attempting to account for the facilitative 
effect of muscular effort on performance have yet reached a system-
atic status. They have usually been offered by the various experiment-
alists as post hoc accounts for integrating the few facts that are avail-
able and thus tend to be accounts for specific experimental findings 
rather than broad theoretical systems capable of deductive elaboration. 
Nevertheless, taken as a group, these viewpoints are all charact-
erized by the notion that induced effort can, to a greater or lesser 
extent, facilitate learning. This notion is directly contradictory to a 
more recent theory in which the effect of muscular effort is regarded 
as consistently inhibitory. 
While the primary concern of the present study is with the . empirical 
relationship between effort and perceptual learning, the findings of the 
present investigation will be explored in regard to these two apparently 
contradictory viewpoints. 
STATEMENT OF THE PROBLEM 
The concern of the present investigation was an examination of the 
role of muscular effort in the process of visual form acquisition and 
retention. The expectation that effort would prove to be a significant 
determinant of learning efficiency was seen in the introduction where 
it was noted that ( l) "attention" generated by muscular tonus facilitates 
learning, (2) patterns of task-relevant muscular activity facilitate 
form discrimination training, and (3) optimal points of muscular effort 
expenditure exist for various types of tasks. 
Accordingly, the role of effort in the acquisition and retention of 
visual form was studied in terms of an experimental design which in-
volved various degrees of induced muscular task-irrelevant effort and 
two traditional techniques of form discrimination training in which 
muscular effort appears to be, at a common sense level, task-related 
in that it involves manual motor activity directly concerned with the 
reproduction of the visual pattern. 
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EXPERIMENTAL PROCEDURE 
A. Subjects 
A total of 51 male and female subjects serv e d in a series of pre -
liminary studie s (for the purpose of devising suitable stimulus mate rials 
and proc e dures) a nd in the main experiment. 
B. Apparatus 
Apparatus for the main experiment consisted of: 
1. an electronic tachistoscope for the pr e sentation of the 
stimulus material 
2. a h a nd dynamometer equippe d with a buzze r signal and 
tachistoscope switch for induction of the task-irrelevant 
muscular e ffort conditions 
3. 4 11 x 4 " white cards and black grease crayons for drawing 
in one condition of task-relevant induced effort 
4. transparen t plexiglass tachistoscope aperture covers and 
black gr e ase crayons for tracing in the second condition 
of task-relevan t induced effort 
5. Ten-item sets of training targets and recognition t e sts 
made up of non-m e aningful line drawings. 
C. Design 
A counterbalanced design was employed in which each of 28 male 
subjects participated in each of the seven effort conditions: 0, 1/8, 
1/4, 1/2, 3/4 maximum dynamometer effort, Tracing, and Drawing. 
D. Procedure 
For each participant the training sessions took place twice a day 
within a maximum of five days. No two sessions were spaced at less 
than a three hour interval. The training-testing schedule consisted of 
a single 15 second viewing period per target with 20 second inter-target 
intervals. Between training and the recognition test a 10 minute rest 
interval was required. The recognition test interval was 5 seconds per 
target and 10 seconds between targets. The retention response measure 
was the number of correct selections of the learned targets from test 
cards consisting of one correct and three confusion targets. 
MAJOR RESULTS 
Data from the seven main experimental conditions were divided 
into two categories for analysis: the effects of task-h·relevant effort, 
and the effects of task-relevant effort on form retention. 
A. The Effect of Task-Irrelevant Effort on Retention 
An analysis of variance of recognition scores from conditions of 
0, 1/8, 1/4, 1/2, and 3/4 induced muscular effort resulted in an F 
value significant at the . 01 level. A1 Fisher's .!._test was also applied 
to compare the scores of each fraction of induced effort against the 
zero condition. All the t values were significant at the . 01 level. 
It was found that maximum recognition e fficiency occurred at zero 
induced effort, i. e. Observation. The recognition curve from that 
point on appeared to be an exponential d e cay function of effort. 
B. The Effect of". Task-Relevant Effort on Retention 
An analysis of variance of recognition scores from Tracing, Draw-
in&_, and Observation (zero induced effort) resulted in an F value signi-
ficant at the . 01 level. Fishe r's t test was used to compare Observa-
tion with Drawing, Observation with Tracing, Drawing with Tracing. 
These differences were all significant at least at the . 01 level. Draw-
ing resulted in the highest level of recognition efficiency, Tracing was 
lowest and equal to that of 1/2 and 3/4 induced effort. 
DISCUSSION 
The implications of the results of this study were examined with 
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respect to thr e e prevalent generalizations regarding the effe ct of in-
duced muscular e ffort upon learning. 
The popular educational view that facilitating " attentional " factors 
arise from increased muscular tonus did not appear to apply in this 
study's perceptual l e arnin g task since even the smallest increase in 
muscular e ffort significantly reduced retention. The only e xtent to 
which this particular viewpoint coul d have mean ing, is to regard the 
experimental condition of Observation as alr e ady having created the 
facilitating atte ntional factors prior to the introduction of muscular 
effort. 
The view that task-related muscular effort facilitates perc eptual 
learning was, in part, supporte d by the results of this study. While 
Drawing produced maximum facilitation, the Tracing con dition resulted 
i n maximum decr e men t equal to that of the 1/2 a n d 3/4 task-irr e levant 
e ffort. 
This study also indicated that the view that induced muscular e ffort 
facilitates learning cannot be applie d to a perceptual task of this ove r-
all l ev e l of complexity. Rather, the results from the task-irrelevant 
conditions of this study provided evidence supporting the view that 
learning is a decreasing function of the work i n vol ved in the learning 
task. However, this -.notion cannot explain by itself the facilitation 
which r e sult e d from the Drawing condition. 
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It was concluded that no theoretical viewpoint was able at the present 
time to account for all the experimental findings although some were 
able to handle certain portions of the results. The present results 
indicated that any theory attempting to derive the effects of muscular 
effort on perceptual learning must make provision for the following: 
(1) that the more complex the target the less likelihood of facilitation 
from task-irrelevant effort, (2) in the case of visual form learning, the 
nature and influence of observational processes occurring in conjunction 
with different patterns of activity, and (3) the conditions which deter-
mine whether effort will facilitate or inhibit performance. 
99 
THE AUTHOR 
The author was born November 13, 1921, in Boston, the daughter 
of Anthony and Marguerite Mayer. 
She graduated from the Boston GirlsJ Latin School in 1939, from 
Boston University in 1943 with a Bachelor of Science in Art Education, 
t OO 
and in 1948 with a Master of Arts in Psychology. She also studied 
Painting and Sculpture at the Boston Museum of Fine Arts. Her paintings 
have been shown in several exhibitions. 
From 1943 until 1946 she was on the staff of the Massachusetts 
Institute of Technology, Radiation Laboratories; until 1945 as instructor 
in Technical Illustration, and from 1945 as art director for a series of 
Navy Training Manuals. 
In 1946 she joined the staff of the Boston University Physical Research 
Laboratories where her present position is that of research associate in 
Psychology. 
She is a member of the American Psychological Association and the 
Society of Sigma Xi. 

